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The Coverdell Program

• In 2001, Congress provided funding to the CDC to establish the Paul 
Coverdell National Acute Stroke Registry (PCNASR)

• Named after US Senator Paul Coverdell of GA, who suffered a fatal 
stroke in 2000 while serving in Congress

• 2012, renamed the PCNASP

• The registries, leg by academic principal investigators and medical 
institutions, collected data on the quality of stroke care

• Initial Emergency response through hospital discharge

• Results from the prototype phase indicated that many patients were 
not receiving optimal care



MASCOTS MiSRQIPMOSAIC

• The state of MI has been participating in the Coverdell Program since 
its inception in 2001

• During the prototype phase (2001 – 2004) Michigan Acute Stroke 
Care Overview and Treatment Surveillance System (MASCOTS)

• 2007, Michigan Department of Comunity Health was awarded a new 
grant Michigan Stroke Registry and Quality Improvement Program 
(MiSRQIP)

• 36 hospitals began tracking their delivery of acute stroke care in GWTG

• 2012, MDCH received additional funding by the CDC to continue its 
work to improve the quality of stroke care Michigan’s Ongoing 
Stroke Registry to Accelerate the Improvement of care (MOSAIC)



MOSAIC Dataset Allows for Robust Sampling Throughout MI
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Last Known Well Time and Data Missingness

• Last known well (LKW) time is critical information when determining
eligibility for acute stroke treatments, but is often either unknown or not
documented.

• Missing data may be subject to selection bias (i.e. missing not at random
(MNAR). Data MNAR can have a significant impact on statistical analysis
leading to biased estimates, increased standard errors, weakened
generalizability of findings and decreased statistical power1,2.

• Missing LKW may be related to key patient characteristics (time of
presentation, stroke severity, diagnostic certainty, witnessed event) as
well as hospital characteristics. These factors may also correlate with a
lack of treatment.



Objective

• Our aim was to use the Michigan Stroke Coverdell Registry to identify
independent predictors of missing LKW times.

• We hypothesized that the location of stroke occurrence, arrival
mode and stroke symptoms of aphasia and altered level of
consciousness would correlate with higher rates of missingness.



Methods

• Forty hospitals contributed data to MOSAIC via the Get With The Guidelines–
Stroke Patient Management Tool between 2008- Q1 2017.

• Adult patients with any stroke type who presented to the emergency room
were included.

• Means and percents, were generated to describe the study population. Chi-
square statistics were used to compare characteristics between patients that
had a missing LKW time vs. those that had a recorded time.

• Independent factors associated with missing LKW time were identified using
multivariable logistic regression. Potential confounding variables with a
significant bivariate association (P<0.2 to enter) were and retained if they
remained significant in the final model (P<0.05 to stay).

• To account for hospital-level clustering, we generated logit models using
general estimating equations.

• All analyses were conducted using Version 9.2.



Methods

Total number of patients in registry

2008 - March 2017

N=63,412

Final sample for analysis:

N=51,066

Exclusions:

Patients with in-hospital strokes: N=1,531

Transferred patients:  N=10,815



Results



Characteristics of 
Patients and 
Association with 
Missing Last Known 
Well Time in the 
Michigan Stroke 
Coverdell Registry



Percent of Cases with Missing LKW Data by 
Participating Hospital is Highly Variable
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The Majority of Strokes Present Outside of the IV 
Alteplase and 6 Hour Thrombectomy Window

0

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24P
ER

C
EN

T 
O

F 
PA

TI
EN

T 
P

O
P

U
LA

TI
O

N

LAST KNOWN WELL TIME (HOURS)

TIME OF PRESENTATION IN RELATION TO LAST KNOWN WELL IN PATIENTS 
WITH RECORDED LAST KNOWN WELL TIMES 



Implications of ‘Data Missingness’ 

• Missing completely at random

• Missing at random

• Missing not at random
• Missingness is specifically related to what is missing
• Examples: aphasic patients, patients coming from home as opposed to EMS

• Several strategies which can be applied to improve data missingness
• Obtain the missing data
• Leave out incomplete cases
• Replace missing data by a conservative estimate
• Try to estimate the missing data from the other data on the person



Summary

• Last known well data was missing in 48.3% of cases  

• Characteristics of cases associated with LKW missingness are non-
Caucasian race, stroke occurrence in acute or chronic care facility, 
arriving via private vehicle, hemorrhagic stroke, prior stroke, diabetes, 
smoking, aphasia and paresis

• The percent of cases with missing LKW data vary widely from hospital 
to hospital 

• Most patients with LKW documented presented outside a treatment 
window



Conclusions

• LKW missingness occurred in approximately 50% of strokes
presenting to the emergency room, and characteristics associated
with missing LKW suggest that available LKW data are likely MNAR.

• These results indicate areas where hospitals can try to improve
documentation rates (e.g. patients presenting from other health care
facilities, private transport, etc).

• Understanding patterns of data missingness, how informative the
missing data are, and the potential impact on acute stroke care and
stroke outcomes continues to be an important aspect to interpreting
stroke epidemiological studies.



References

1. Dong Y and Peng C-Y J. Principled missing data methods for
researchers. Methodology. 2013.

2. Tooth L. et al. Quality of Reporting of Observational Longitudinal
Research. American Journal of Epidemiology. 2005.



Thank you!

• Mat Reeves

• Adrienne Nickles

• Suzanne O’Brien RN, MSN, ANVP, Ghada Ibrahim MS, Zsuzsanna
Szabo MPH, Krystal Quartermus MS, RD, Sherry Kinnucan EMT-P, 
Robert Wahl DVM, MS, Teri Scorcia-Wilson PhD

• MOSAIC


